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ABSTRACT 


A  study  of  the  in^'rpbase  i^t^'een  org/utic  costings  and  the  metal¬ 
lic  substrate  has  been  continued.  The  nae  of  lofraretl  analysis  of 
lacquer  solutions  is  described  as  adaptabht  to  molticomponet  syjtems. 

Adsorpt*?*!’  isotheririB  »^er<  determined  for  alominom  oxide  in 
vinyl  acetate-chloride  copolymer  colntioos.  experimental  pxO" 
ceuuLr<.s  were  developed  b;.*  which  the  aniuant  lacquer  component 
adsorbed  from  solution  b^*  alcminum  oxide  could  be  determined  by 
comparison  oi  the  infrared  analysis  of  the  solution  before  ajsd  iifter 
shaking  with  the  oxide.  In  the  cases  investigated,  it  was  founcl  that 
th-  ,n-*ate8t  adsorption  o;.'  vinyl  chloride-acetate  copolymers  ocenred 
with  the  rUro  I'ornner  recognised  as  providing  greatest  adhesion. 

The  infrared  procedure  can  be  extended  to  ouiilttcomponsnt  systems 
where  the  analytical  methods  used  earlier  were  limited  by  requiring  as 
many  aept'xote  analysis  as  there  were  components. 

Prelirniuary  Investijjation  of  the  Strength  of  the  bonds  formed 
in  the  interpbafie  ha*  been  etsrtsd.  Study  of  the  nature  of  the  inter¬ 
phase  was  initiated  thro-gh  the  coostructicn  of  a  dual  calorimeter 
systacn  for  the  measurement  o£  relative  heats  of  Immersion  of 
aluminam  oxide  in  solutions  ot  lacqner  iogredieots.  Heat  of  immersion 
measurements  of  a'ominum  oxide  in  solutions  of  Isu^qucr  ingredients 
premises  to  provide  valuatde  end  much  needed  quantitative  ioforma'don 
dbou!  the  nature  interphaee. 
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FOREWORD 


This  ii  '(he  aixth  annu&l  report  of  the  inveatlgaiion  of  the  phyatc^l- 
chemlcal  nature  of  adhealon  of  orgaitlv  coatings  to  con-ferrous  metals 
by  Prof'jsnor  L.  Reed  Br^ultley  and  cc-workera. 

Two  articles  have  been  published  r^d  five  piipers  have  been  pre¬ 
sented  before  the  division  oi  raintt  Flastica  ami  Fxiiiting  InH  Chor.-iistry 
of  the  Ainericsn  Chemical  Society.  The  papers  have  been  printed 
in  full  in  the  Preprint  Booklets  prepared  each  ftdl  and  spring  for  Uic 
members  of  the  Division.  Some  of  the  booklets  are  stiU  available 
and.  can  be  obtained  from  the  Secretary  of  the  Division,  PhutestaUc 
copies  ni  the  papers  ctui  be  obtained  front  libraries  which  maintain 
complete  files  of  the  Division  Preprint  Booklets,  Such  as  the  New 
York  City  Public.  JLubrary.  The  titles  are  listed  below. 

1.  "Nature  of  the  Adhesion  of  J<ace»uers  to  Non-Ferrous  V;e',als." 

X.U  fc'ternation  Conij.-esd  of  Pure  and  Applied  Chemistry,  Sept. 

10  -  13,  1951. 

2.  "Adhesion  of  Lacquers  to  Non-Ferrous  Metals,"  ,L,  Reed 

Eraitlsy,  Arthur  Worwi ward  and  Gordon  Carpenter.  Incl.  and  Eng, 
Chf.ni, ,  1952. 

3.  "Modem  Tneories  of  xidhesion,  "  L.  Reed  Brantley  and  Gordon 

Carpenter,,  Ofiiciai  r.*igcat,  Fe<l.  Paint  and  Varnish  Production 
Clubs,  1952. 

"Method  of  Removal  of  Coating,  by  the  -Adhere  me  ter  and  Inaoroverhcnt 
In  its  Design,"  Preprint  Bookie:,  Vol,  13,  No.l,  pp,  140  -2,  March 
1953. 

5,  'A  Statistical  Si.udy  of  die  Operation  and  Design  of  the  Adherometer 
and  the  Res-jldng  Changes, '*  Preprint  Booklet,  Vol.  14,  No.l, 

pp,  1  -  5  ,  March  1954. 

6,  "A  Study  of  the  Adhesion  to  Aluminum  of  an  Ethvlcellulose  Lacquer 
in  Relation  to  Certain  of  its  Film  Propertiee,"  Preprint  Booklet, 

Vol,  14,  No,  2,  pp,  4S  -  8,  September  1954. 

7,  "The  Adsorptica  of  Lacquer  Components  on  Aluminunr  Oxide," 
Freprint  Bcckict,  Yol.  15,  No,  1,  r»n,  20  -  6,  April  1955, 


8. 


"Toe  Relation  Between  Adhei'ometer  A'Sieelon,  BoUr.  Sheer  mad  Other 
Film  Propertiee  ol  Ethyicelioioec  Costings."  preprint  Booklet, 

Vol.  15,  No.  Z,  pp,  34  -  40,  September  195S. 

9^  ”''’he  Invcstigetion  of  the  Nature  of  the  Forces  of  AJhesion,"  Arr.aal 

Report  for  O,  N,  R.  Contract  for  195  4  -  55,  available  tfcrecgh  the 
P.  S.  Department  of  Commerce,  V^acMngtioo  25.  D.  C.  in  printed 
form  as  O.T.  S,  jdentiiicatloo  Nnraher:  ?.  P.  121555.  $2.  ?5, 

The  Shidy  0.1  the  adhesion  of  organic  coatings  to  metalUc  sohsf ->tes 
bas  been  resolved  into  the  investigstioii  of  three  types  of  failure,  raroelyt 
cohesive  failure  in  the  metallic  eubstrjde;  coneciTe  failure  i~>  the 
organic  coating;  and  adhesive  failure  In  the  interface  ■srilch  -wc  prefer  to 
call  the  intjrphaae  senai'tvHng  the  two.  The  earlier  work  coexentrated 
on  the  utvestigstion.,!  the  iuiru.rc  of  the  failore  in  the  coatiug  by  mcana 
of  adiierometer  adbesioa  cf  Ihessioa"  toe.aaorements  made  with  mod¬ 
ifications  c£  tne  Interciseicital  Adberon-,eter.  A  study  of  the  cohesive 
failvire  in  the  rubstrale  is  considered  to  be  ootside  of  the  present  field 
of  ;investjgr.Lion.  THspLar  es  the  study  of  the  nature  of  the  interphase 
next  in  importance  in  thi'i  program  of  the  investigatica  ci  the  pi  inciples 
of  adhesion, 

preliminary  investigation  oi  the  nature  <xf  *1-:  unterphaic  was 
undeiwtaken  with  ttw:  asristance  of  Barbara  Stott.  This  took  the  form 
of  experime.'its  to  deterrr  '-oe  (he  relative  amounts  of  iac<pter  ingredierta 
rrhioh  are  adsorbed  on  alorninum  oxide,  which  makes  up  -ab'trate 
of  an  aluminum  surface.  This  report  describes  the  continuetx>n  si 
Che  adsorption  studies  ol  film  formers. 


INinODtlCTlON 


i. 


n  la  propoaed  th^  tna  initial  adaorptioc  at  the  liquid/aoUd  inter¬ 
face  and  the  resulting  change  in  inieraal  energy  meaaiared  aa  the 
energy  of  adheaion  determinea  the  final  value  of  the  air-dry  adheaion. 
The  above  atater.ient  ahould  be  modified  to  correct  for  the  effect  of  film 
propertiea  «’hich  developed  (q>on  evaporation  of  aolvenU  However, 
meaeurementa  made  of  the  reietive  amounta  of  film  former  at  the  inter¬ 
face  of  the  Uquid/aolid  system  will  give  valuable  information  with 
which  to  predict  air-dry'  rdheaion.  Air-dry  auhtsicn  may  he  dofined 
aa  the  attractive  force  between  a  protective  film  formed  by  tho  evap¬ 
oration  of  the  aolvent  from  a  lacquer  and  the  surface  to  which  'ti-xe  lac;- 
quer  waa  applied. 

The  reaearcb  work  waa  divided  into  two  projecta  which  proceeded 
aimultaneouaiy.  One  project  w«8  uudertaken  to  c  ixr.pare  h>;»»  of  im- 
meraion  iaotherma  of  VMCH  and  VYHH  which  axe  film  formers  of 
vuiyl  chloridc-acetatc  cor/olyniere.  VMCH  haa  erceileut  sir-dry 
adhesion  and  V YK!i  haa  poor  air-dry  tjdheaion  os  clean,  amooth  metal. 

A  differential  calari'.nater  iraa  built  aaing  thermiatora  aa  the  temperaterr 
senaitivc  'ilementii.  The  calorimeter  waa  calibrated  »  an  overau  ac¬ 
curacy  of  5%  for  tiimncrature  tecres-'t  op  to  0,01®  C.  The  ten^rature 
increaaea  expected  upon  immeraion  of  alunxh'.a  is.  a  copolymer  solution 
aoout  O.Oi®  Thus,  the  sensitivity  of  tho  s  aiof  Imster  i~  sdtqncss 


a 


tor  heat  oi  imcnerston  meaaoretnent*.  However,  diff^rultie*  in  experi¬ 
mental  procedures  have  delayetl  investigationa  of  heat  of  iiiunersion 
isotherms. 

In  the  second  liartcf  the  project^  adsorption  isotherms  were  ob¬ 
tained  for  VMCH  and  VY.KH.  A  conocariscn  of  isotherme  shoved  t-iet 
hijh  adsorption  was  indicative  of  excellent,  air-dry  adhesion  and 
conversely  that  low  adsorption  wai  relnted  to  poor,  air-dry  adhesion- 
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1 

L1TKRAT0R£  SURVEY 


Uet/-!^tiou  ui  Tis^iiiS 

J^dheslon  i«  defined  in  HaeVH‘»  ChciTdcal  Dietionary  aa  ihe  2d” 
traction  or  force  which  ho)dt  unlike  rnoleculea  together.  This  general 
definition  will  be  used  throughout  this  thesis. 

Adsorption  is  the  ability  of  a  suust&nce  (c'dsorbcnt)  to  hold  or  con¬ 
centrate  gates,  liquids  or  ditsolved  substances  (adsorbate)  iq>on  its 
surface,  a  property  due  to  adhe«*on,  q.r,:  hence,  producing  a  change 
of  concentration  of  the  adsorbate  on  tne  surface  of  the  2d^''rhent  with 
refr>;.;t  to  the  interior  concentration  cl  the  adsorbate.^ 

The  heat  of  immersion  is  the  heat  evolved  wtna  a  clean,  finely  divided, 
outgassed  solid  is  immersed  in  a  liquid.  The  reverse  process  is  t.ie 
heat  of  emiiicrsicn. 

The  work  of  adhesion  and  the  energy  of  adhi.sion  (h^)  are  by 

deituition  the  increase  in  free  and  Isteinal  euergy,  respectively,  in¬ 
volved  in  the  separation  of  unit  area  of  the  liquid  frum  the  solid  when 
no  trace  of  adsorbed  film  is  left  on  the  surtacc  of  me  solid.  The 
process  is  always  ca^tiea  out  in  ihe  reverse  direcnt,  i  beginning  with 
clean  solid  in  a  vacuum,^ 
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Geae?^  Tbearieo  (S  Adheoion 

There  are  three  theosieo  ot  adheoioa^  The  00  theoriao  iaelsde 
what  most  reoeareh  ehaoaioth  agree  ara  the  importaas  tasiasa  ia  baadingc 
As  yet  there  is  ao  agreesnaat  oa  a  general  theory  of  udbooioa  that  c/cald 
e^lsia  why  aU  edhaeia-ea  adhere  to  aorfccea. 

The  ^oe  ^eory  ftsggeote  that  cdheeioa  ie  dao  to  Goolecelsr  ottreetioa, 
AU  matter  eoatoiao  eJcetrietd  forces  fa  aKceoa  of  those  needed  to  hold 
the  atoms  withia  a  tsolecitle  togethero  These  tiny  aieetrieai  forces  ore 
capable  oT  provi^ag  a  very  otroag  attroefclon  Ijotosaa  the  edheoiw  £Uaa 
and  the  ottrfaseo  to  ho  hondsdo 

Chemical  reaction  is  also  believed  responsible  for  hondingo  la 
Soane  iaoeaaeeoj  ttte  adhesive  roasts  chemically  with  the  onriaceo  of 
the  aoateriai  to  be  bondedo  A  chemical  bond  is  formed  'ahich  holds  the 
two  saatssifdo  togethero 

V/ith  porous  meterialo,  the  cdheoive  filis  the  pores  of  the  materiais 
heias  houdedo  V/hen  &©  adhooivo  hardens »  it  isterleehn  the  two  mat- 
eriaJo  togethss-o 

ISaasg^’  of  Adhesion  cad  Iteot  of  XmaaeroSea 

The  snethod  for  the  direct  detarmiatstioB  of  the  Importaat  term 
need  is  &o  edetdaSoa  of  the  totol  energy  of  adhesion  isvolveo  itamcroioa 
of  the  fiaoly  divided  oolid  In  toe  iiqtdd  coatoiaed  in  on  astromaly  oensiUve 
cftlorimetero  Siage  toe  eaargy  of  Itatearoion  of  the  clean  snrfaee  is  de= 
sired,  the  coUd  should  be  oatgaosed  ot  no  high  a  tempsratere  as  c^  be 
employed  without  affoe^ag  the  3urfBce„ 


Caios’imatFic  detes-miaatiooo  ean  ba  made  of  he&t  of  immoFOioa  of 


a  metaliie  poKJdes  in  liquids  By  perfoi'miag  ausdliary  es^erimeato,  fbe 
data  obtained  e&a  be  used  to  give  the  energy  reqidred  to  separate  a 
aolid  Irom  a  liquid  t^^as’sy  sf  adhesion) »  Ihoae  ej^esdiKea-to  ay®  theas^ 
euyato  measuyomcnt  of  the  suyfooe  ayea  of  the  powde?  siad  the  deter¬ 
mination  of  the  variation  of  ourfaoe  energy  of  a  liquid  with  tomperatore. 
The  change  in  internal  energy  involved  where  a  liquid  ia  oeparaSed 
from  a  oolid  at  their  interface  to  give  clean  ourfaiceo  of  both  the  colid 
and  liquid*  io  the  energy  of  adhaoioa.  The  energy  ef  adhaiiiea  ^ 

ifts 


e,H 


'5U 


=fc*£  - 


that  iOj  the,  energy  of  sdheeios  io  oiaaply  equal  to  the  beat  of  immeroioa 

pluo  the  aurfate  energy  of  the  liquid,  Th9  aurface  energy  of  the  liquid 

is  given  by  the  Gibba^Helmholts  equation; 

S'?* 


I 


V/hsire- 


the  surface  tension  of  the  liquid 

the  absolute  temperature 

the  voria^on  of  surface  tension  of 
the  liquid  with  temperatura 
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The  Natafe  oi  Adeos’ptioa 

AdooFp^os  ia  the  pj^ceaa  hy  whleh  &e  atosao  o?  a^oleeuleo  ei  oae 
material  besomeo  attaehaa  to  the  oorfase  of  oaotha?  or,  ia  a  mare  geB° 
eral  oenoe,  bseome  eoaeeateatod  at  oa  iaterfaee,  Thio  deSsitioa  daeo 
aot  mobs  aay  otatemeat  about  the  meehaaiom  iavolvcd  ia  eiihar  phyoicol 
or  chemical  sAoorp&atu 

V/hile  ia  cppiyiag  the  hypatbeolo  eoaeeraiag  the  moleeelar  fieldo, 
the  iateaoity  oi  ^e  atray  field  arotad  the  aolccoles  io  oi  primary  imo 
porvaace,  ai  least  oaa  eddifioacl  prinsi^e  mast  be  isaed  H  She  direcSoa 
t7hieb  tmy  ehoage  tTili  taJto  by  iSooM  io  to  bs  predletedo  Ao  might  be 
osspaetodj  the  cssoad  latT  oi  thertacdyaasaieo  io  oi  icndameatol  iaapor^ 
taaee  ia  thio  coasoetion,  and  for  Wr.  pnrpese  it  saay  Its  otejtod  ia  she 
iorms  aay  ehaogo  ohieh  tolseo  pleee  by  itosli  ia  o  oyoSoai  ^nrili  proceed 
ia  the  direcSioo  ^bich  VTiU  reotdt  ia  a  decrease  ia  3>e  iree  ener^  of 
the  ayotsiru  Thus  a  oariaee  toad  ts  decreaoe  ia  area,  Sx-ic-:  a 
r^id  oarlntlOB.  of  the  lateasity  of  fiie  otrey  field  rsife  ^e  dio^tace  ia 
nay  direeSioa  io  cseoac^aaied  by  a  high  coaeeatrotioa  oi  iree  eaergy. 

She  secead  law  iadieates  fea*  ia  any  change  which  takes  piece  by  itoeli, 
fits  ttariofioa  ia  She  otray  Said  bscosae  leoo  abnspS,  ® 

The  ioMowiag  diocuooioa  oi  @ie  arieataSioa  of  enoleeulso  ia  a 
liqnlc/li^tsid  oyotem  may  be  ooalogone  to  &s  Uqiad/ooUd  oyotesa  eaeept 
aiat  She  oolid  uoaoUy  dioplayo  o  highly  orisated  cryotaUiBe  oaricea„ 

"The  moleenleo  ia  @ie  enrieses  oi  U^^do  seem  to  fee  orisated. 


aad  ia  oueh  a  ^ay  that  the  leaat  aetiv«  or  least  |ioiar  groups  are  orleated 
toward  the  vapor  phase:  IF  V/E  SUPPOSE  THE  STRUCTURE  OF  THE 
SURFACE  OF  A  LIQUID  TO  BE  AT  FIRST  THE  SAME  AS  THAT  OF  THE 
INTERIOR  OF  THE  LIQUID;,  THEN  THE  ACTUAL  SURFACE  IS  ALWAYS 
FORMED  BY  THE  ORIENTATION  OF  THE  LEAST  ACTIVE  PORTION 
OF  THE  MOLECULE  TOWARD  THE  VAPOR  PHASE,  AND  AT  ANY 
SURFACE  OR  INTERFACE  THE  CHANGE  WHICH  OCCURS  iS  SUCH 
AS  TO  MAKE  THE  TRANSITION  TO  THE  ADJACENT  PHASE  LESS 
ABRUPTo  Thio  laot  statement  ei^reaoeo  a  general  law,  o£  which  &e 
adsorption  law  is  a  opeeiol  eaoe’’o^ 

Physical  aad  Chemical  Adsor.->tioa 

Phyoieoi  adsorption  or  v<sn  dsr  V/aol'o  adsorption,  ototeo  that 
molecules  ore  held  to  the  ouriaee  hy  phyoieal  forces  which  correopoad 
to  those  involved  in  the  van  der  Waal's  equation  cf  state  for  gaseSo  la 
chemisorption,,  the  adsorbed  moleeidro  are  held  to  the  oarJfcse  hy 
valence  forces  of  the  same  nature  as  those  which  bind  atoms  together 
in  molecule  So 

There  ass  characteristics  which  disHnguisb  physical  from  chemical 
adoorptio&o  Ths  heat  evolved  when  physical  adoorptioa  occurs  io  oouelly 
similar  to  the  heat  of  Uque-facHon  of  a  gas,  ioSo,  a  few  hundred  cal 
per  mole,  and  the  reasRvity  of  the  adsorbed  oubotaaee  is  consequeatiLy 
not  markedly  ^tersd«  Ths  forces  involved  la  cheausorpSoa  are  much 
stronger  than  those  in  van  der  Wad’s  adsorption,  aad  the  heat®  evolved 


are  of  £he  oame  order  as  those  liberated  ia  ehemieal  reaetioae,  valoeo 
of  10  t©  100  keai  ges  ssole  beiag  eommoso  Physical  adsorption  is 
essUy  reversible  in  contrast  to  ehcJ^issi^Jisja  vddeh  to  irre^'eroible 
or  reversible  only  with  great  ^Menltyo  Ferthermorej  phyeieal  ad- 
sorp^n  is  esoenMaUy  QOs°sp3ci£!c  oltfa  respect  to  cdsorbeat  and 
adoorbateo  vrheroas  eberaicorptioa  involves  a  high  degree  of  speciSsity„^ 

Another  criteria  for  physical  adoorpidoa  is  Qiat  physical  edeorption 
decreases  rdth  rising  temperabire«  The  tdae^c  theory  ei^lMns  ^hy 
this  may  fee  ao;  the  Idnetie  mowafnsnt  of  adsorbed  atoms  or  sbsIsseIcs 
increase  cHQi  ijieroaoiag  tesaserotisroa  t>ad  the  oabotaaeo  cdeorbad,, 
therefore^  tcado  So  leave  the  adcorbeato  l<otJ  tampern&sroo  fovar  eSiM 
more  adcorp^eso  feeeaaae  the  Ojermal  ocsiUatloao  of  adsorbed  msle- 
caleo  ass  tTaoltoaed  eaoMiag  Si®  von  dcr  Waal's  forces  to  be  more 
effective. 

Coatrosy  to  toe  ease  of  physical  adcorpSeae  chemieorptioa  mcreaoeo 
viito  iaereasiag  tosape*  stssre,  ®  Tbio  iacreaoe  is  eapeeted  ia  chemical 
reae^ns,  of  tdiich  chemiaospSoa  is  a  special  case  limited  to  surface 
reee^ao  for  toe  rote  of  recsSaa  double o  or  triples  for  every  tea  degree 


Adsorpfios  Isotherms 

In  recent  yee- 2,  rrark  ba?  ••rtnf^nrrated  oa  aSort  to  describe 
adsorp^on  ia  terms  of  iootoerms  and  to  sanlyae  different  types  of  ouch 
isodierms.  Aa  adsorption  Isotherm  io  toe  relationship  feste?een  toe 


amount  adsok-bed  per  gram  of  adsorbent  at  equilibriiun  and  the  pFe8= 
sure  for  a  gas /solid  system.  An  adsorption  isotherm  for  a  oolutiou/solid 
system  Is  the  relationenip  between  the  amount  of  solute  adsorbeu  per 
Kram  of  adsorbent  and  the  equilibrium  coneentration  of  the  aolutioa 
at  constant  temperatureo 

Adsorption  isotherms  have  in  many  sasea  been  3tted  to  equatioasg 
and  Table  I  oummariaaa  aome  of  the  more  important  eq[uatioao  that 
have  been  empleyedo  Soine  of  tUeoe  equationo  have  a  theorc^cal 
basiOt  whUa  others  are  purely  empirical,  as  hao  bean  indicated  in 
the  last  column.  It  was  noted  that  the  FrenndUeb'o  isotherm  equation 
is  not  only  the  simplest  but  a  more  general  equation  for  it  ia  applicable 
to  physical  and  chemical  adsorption.  FurthermorCf  this  relationship 
has  theore^cal  as  well  as  empiric^  cooHrmstioa® 

If  In  a  Hnnid/oolid  ayotem  one  saoumeo  that  oolute  obeys  the 
ideal  gaa  laws  or  vaa’t  Hoff^s  law  in  dilute  solu^on,  the  ^plieabUity 
of  Freuadlleh’o  equation  may  be  subataa^ted  by  its  converaioa  into 
Icgarlthmic  form; 


a 

log  asl/a  log-  c-t-log  k 


h-sn  eoast^t 


nsa  conotcni  greater  than  I 


AttSORPTliON 


EQOXLmaiUM  CONCENTRATION 
FIGURE  1 

Nbssisi  AdsoTjsHoQ  Is^Uvertra  in  Liguid/Solid  Syosem 
According  to  Wo,,  Ostwai'd  aad  de  isaqBfe?««13 


TaThJla  H®  Adiioippttioiai  IwoSharui  EquaaftionG 

adocrbed;  p:^gae  pracBuroj  0  ^fraction  o3  starfface  covered;  v^  =  voUume  of  gas  requ:lred  fo  for: 
uniniioSec Mar  layer,,  The  remnaining  symbols  represent  eonstanSo,. 
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V.  the  plot  of  log  a.  veraua  l/n  log  c  Q.og  k  is  a  conatant)  yields  a  stx-aight 
line  the  concurrence  tvith  fkeundLic'h’^a  equation  over  a  limited  range  of 


I ;  it;  ^  ti  LrMi'inri 


can  be  obtaLied  for  each  case  by  graphicaO.  e«trapola8ion» 

Further  study  of  the  adsorption  phenomena  shocved.  hov/ever,  that 
the  linos  obtdned  by  the  logarithmic  plot  were  not  ^dwaya  straight 
lines,  especially  at  higher  concentrations  of  adoorbateo 

Adsorption  isotherms  retain  their  shapes  with  increasing  temper^ 
atui’e  although  a  decrease  in  the  adsorption  m^amum  Unaicatss  the 
decrease  In  physical  adsorption, 
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INVESTIGATION 
OF  THE 

«%•  0*»«  «  f  «  «««  n 

iTWJ^UAAWiM  KJ£  iPli^m  rWiVJVlC«n. 

The  rela^oa  bstc/een  heal  of  immeroion  sad  conccntratloa  of  VYHH 
vinyl  chloHde^aeetate  copolymes',  io  boot  shovm  by  a  beat  of  immeroion 
isothermo  Thia  iootherm  ii  a  graph  of  the  heat  of  immeroion  and  the 
coneentration  of  former.  Another  icotherm  is  needed  for  a  similar 
eoncentration  range  for  VMCH  vinyl  chloride-aoetase  copolymer  in  order 
to  compare  these  tx>o  polymerOo  There  formero  V7era  selected  be^ 
c&ase  they  have  different  air=dry  adheaiono  Thnog  a  eonoparioon  of 
these  isotherms  should  suggest  a  pooitive  or  aega&ive  eorrele^oa  be° 
tween  heat  of  immersion  and  air->dry  adheoicoo 


Procedure 

A  differential  ealorimjter  was  using  thermistor o  as 

the  heat  sensitive  elements  (Figure  16).  The  thermistors  served  as 
two  resistance  arms  in  a  V/beatstoae  bridge  asd  a  high  sensitivity 
potea^ometer  was  used  to  detect  the  increase  in  temperature  upon  im° 


_ ...t _ £: _ t..  y  ao« 

EAACA  (l&W&S  VM  AAAAGAJf  \£A9  AM  tkUV  A  * 


required  that  a  thia  walled,  glass  bulb  eontaiidng  the  aluminum  o^dde 
saaaple  be  broken  in  a  lacquer,  Ssirriag  was  vigorously  maiat^aed  to 


effect  a  rapid  dioperoion  of  the  po^ar  and  thereby  more  rapid  evolution 
of  he&to 

The  valuea  of  heat  of  immeroion  vvere  highly  aeasitive  to  temperature 
and  to  impuritieo  in  the  pm:;rde?  end  lacquer.  Temperature  variations 
vrere  minimiaed  by  uoing  a  colorimeter  conotruetod  vrith  t^o  identical 
cells;  one  cell  ivao  used  ao  a  reference  and  the  other  ao  the  test  cell. 
Thus,  any  room  temperature  fluctur^tion  affected  both  cello  equally 
and,  conoequently,  a  null  in  the  bridge  could  be  ms^ntamed  ?nore 
eaoUy,  The  effect  of  impuri^eo  were  minimised  by  obtaining  enough 
powder,  ooivent,  and  reoia  oo  Ssat  the  oame  source  of  materialc  could 
be  u^iaed  throughout  the  inveodgation. 

The  aluminum  oidde  was  of  reagent  grade.  Technical  grade  ethylene 
dichloride  and  commereialiy  available  reoinn  v/ere  uoedo 

There  were  two  preliminary  eaperimento  eiMch  had  to  be  performed 
before  an  iaotherra  could  ba  plotted,  Firot,  the  inoiommeat  waa  caJi° 
brated.  Second,  an  ej^eriment  bad  to  be  performed  to  determine  the 
heat  evolved  upon  brealsiag  an  empty  glaoa  bulb.  Only  upaa  OB^ofes° 
tory  e'raiuatioa  on  comple&oa  of  these  two  ej^erimeata  could  the  dater^ 
minatiimo  of  heat  of  immersion  con^dently  proceed. 


A  quantity  of  1000  si  of  distiUed  water  in  the  calorimeter  was 
brought  to  apprommate  thermal  equilibrium  by  meacio  of  the  heaters 
and  slight  adjustments  of  stirring  rates  as  proved  04?ce6sarys  Sufo 


ficicnt  time  was  allowed  until  the  olope  of  the  time -temperature 
curve  was  not  more  than  20  microvolt  per  miunteo  The  experiment 
represented  in  Figure  5  was  an  enceptioi'.  This  took  about  an  hour. 
Thermistor  readings  were  made  for  sis  to  eigh.‘.  consecutive  minutes 
and  then  current  was  applied  to  the  heater  in  the  test  ceU.  The  exact 
txruc  at  WuiCii  the  current  was  applied  sad  turned  off  was  notcdo  After 


this  heating  period^  thermistor  readings  were  continued  for  six 
more  minutes  without  interruption.  This  identical  heatiug  teebnique 
was  repre-ted  two  or  three  more  timeB,  On  ether  graphs,  the 
entire  procedure  was  repeated,  however,  with  she  applicatioo  of  a 


correspond  to  the  three  points  on  the  calibraUon  curve,  F^sirapolationo 
to  obtain  the  temperature  change  were  made  to  t)ie  center  of  <he  heating 
periods.  The  difference  in  the  temperature  was  measured  wi&  dividers 
as  tiie  difference  in  microvolts  between  the  extrapolated  lines, 

A  large  graph  is  advantageous  in  recordiag  the  temperapzre  increase 
caused  by  breaJting  the  brolb  and  the  immersion  of  alumina.  This 

temperature  increase  is  followed  by  several  successive  increases  in 
order  to  calibrate  the  calorimeter  and  its  contents.  This  procedure 
was  repeated  for  each  experiment,^® 
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Interpretaaon  of  Results 

Z  ettlemoyePn  Youag,  Cheasick  and  Healey  s-eported  that  heats 
•-'.maraion  produced  a  temperature  iacrcaae  of  0„0I®Ct.^®  This 
is  equal  to  an  evolution  of  about  ten  calories  according  to  the  cali¬ 
bration  eKperlmento  The  earlier  v/ork  of  Boyd  and  Harldns  substan¬ 
tiates  the  above  mentioned  investigatioru  The  evolution  of  ten 
calories  of  heat  can  be  measured  with  a  precision  of  tZ/lOOO  in  this 
region  of  the  calibration  curve:. 

The  eaceaa  slope  ar>d  coocequent  large  heat  Is  believed  due  to 
faulty  technique  in  the  procedure » 

In  the  second  preliminary  experiment,  difficulty  v/ao  encountered 
when  the  heat  value  of  hulb  brealtage  was  soughto  Unfortunately,  the 
Increase  in  temperature  did  not  reach  a  steady  state  but  gradually 
continued  to  increaset  Measurement  of  the  increase  in  temperature 
was  impossible^  This  gradual  increase  was  believed  due  to  the  bits 
of  glass  scraping  against  the  walls  of  tne  calorimeter  and  the  stirrer^ 
The  consequent  friction  e;tplained  the  continual  heat  increase. 

It  is  obvious,  due  to  the  inability  to  measure  the  heat  evolved 
upon  breaidng  a  bulb,  that  furthei  investigations  would  be  meaninglesa 
until  this  difficulty  is  surmounted,  (See  suggested  future  work,) 

The  time  required  to  overcome  experimental  difficulties  In  the  calori¬ 
meter  could  net  be  predicted.  Therefore  it  appeared  ii~f"«-oo<'rias 

to  concentrate  efforts  in  adsorption  investigations,  for  this  phase  of  the 


reaearcb  program  showed  greater  promise  of  succoaa, 


INVESTIGATION  OF  THE 


ADSORPTION  OF  FB-M  FORMER  BV  METALLIC 
POWDER  FROM  SOLUTION  OF  FILM  FORI4ER 
The  pus’pose  cf  the  adsorption  investigation  xvas  to  obtain  data 
for  various  adsorption  isothermo«  An  isotherm  illustrates  quanti¬ 
tatively  the  adsorption  of  film  former  as  a  function  of  the  equilibrium 
concentrationa  A  comparison  of  adsorption  isotherms  for  the  vinyl 
chloride -acetate  copolymers  of  Isnown  air-dry  adhesion  should  aid  in 
iiic  voncarrcnc"  of  those  ad -x oration  isotherms  xtith  Freundlich's 
adsorption  equation  would  greatly  reinforce  the  eitperimental  work 
and  would  permit  theoretical  interpsetationo  of  the  isotherms. 

Procedure 

The  vinyl  chloride -acetate  copolyjrero  VMCH  and  VYHH  wore 
selected  because  they  represent  a  wide  difference  in  air-dry  adhestons, 
VMCH  and  VYHH  have  excellent  and  poor  air -dry  adnecion,  respeetluelya 
on  clean,  smooth  metal.  Both  resins  are  of  medium  polymer  wnight, 
VYHH  has  a  composition  of  87%  vinyl  cixioride  and  13%  vi.>yl  acetate. 

The  VMCH  however,  is  modified  with  1%  icterpolymeriaed  dibasic  acid 
and  consists  of  87%  vinyl  chloride  and  lE7o  vinyl  acetate, 

Standard,  stock  solutions  of  10%  VMCH  were  prepared  by  weighing 
the  resin  to  the  nettresc  milUg,  «>.•  d  by  ••thylena  dlehloride. 

Concentrations  from  0,5%  io  107o  were  made  volumetrically  with  s  10  sal. 


calibs’ated  eysingCo 

The  aiumi&a  used  was  fhe  aahydroua  gamma  fo?mo  To  os'oduce  a 
mild  reactivation,  it  was  heated  at  135®  C«  lor  at  least  24  hours  and 


all ^  cool  is  3  <lc9i£C3tor»  A  IO5OOO  g  QaLmole 


of  the  powder  v/as  then  ahalter.  vHth  20. 0  ml  of  lacquer.  A  meebaaieal 
shaker  was  operated  for  eight  to  ten  hours  so  tiiat  the  aluixdna  was 
thoroughly  dispersed.  The  samples  were  centrifuged  for  half  an  hour 
or  more  to  obtain  a  dear  lacquer  for  analysis.  Three  samples  wore 
tested  to  determine  adsorption  at  selected  concentrations  bstv/cca  0.5% 

«  f  /T$  m  ..al  _ _ _t  -  A  —  ^  .. 

iu  ovOo  A  Awuu.  bu  omii^At;  vra,o  «aocv&  d»9  a  vwjukA  v/ao 


An  analysis  of  Sia  quantity  of  VMCH  adsorbed  by  alumiia  was  made 
with  a  Beckman  IR^l  Spectrophotometer.  This  instrument  was  recos” 
ditioned  and  modified  for  these  on^yoeo. 

Two  control  samples  wore  aadyoed;  one  control  oan^lo  at  the  initial 


c&vavaJ 


«■  o  1. 


concentration.  Then  the  three  test  samples  were  r^idly  analysed. 
These  test  samples  yield  %  tranomiaoioa  seadingo  VThicKMe  between 
the  %  transmission  readings  of  the  coatsol  samples.  A  linear  relaUon 
between  %  transmission  and  concentration  of  VMCH  was  assumed  over 
the  narrow  range  of  concentration  between  the  two  control  sample  o. 
The  amount  of  sdaorution  was  calculated  as  shown  in  the  ascendiK. 


A  similar  analysis  was  made  with  a  lacquer  of  VYHH. 
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Rep^uuuCiuil&£y 

The  teehniqve  of  analyzing  a  control  or  Imown  samples  along  with 
unita^  raa  was  used  So  check  the  rciiabliity  of  the  inrtru.msr  t,  U  drift 
Id  the  infrared  spectrophotometer  taa-a  detected,  the  analysis  was  re° 
peatedo 

The  experimental  variationo  of  each  adsorpdon  isotherm  may  be 
Seen  in  Figure  1.  The  average  deviation  from  the  mean  is  indicated 
by  a  vertical  line  above  and  below  any  point.  Those  points  represent 
the  average  of  three  determinationa.  The  average  deviations  of  the 
gqvilibrinm  consentraMon  are  the  name  ao  those  in  the  v=assio  but 
are  of  Jlttle  coooaqoeace  for  the  tsoit  measure  of  the  SJ>=a2do  represents 
fifty  unit  meaeureo  along  y»e  y°a3sio<, 

The  large  difference  in  the  adoorpLion  isotherms  does  not  v/ar=> 
rant  a  Jtatioticai  analysis  to  test  vaUdity  ot  tne  difference,  in  the 
futures  howeverj  a  comparison  of  adsorption  inotharms  which  have 
an  overlap  of  average  deidations  may  be  neceeoaryo  Then  &e 
null  hypothesis  should  be  applied  to  dotormine  whether  a  significant 
difference  exists  between  the  iQothermSo 


ADSORPTIONo  PER  g  OF 
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EQUILIBRIUM  CONCENTRATION„ 
tng  PER  20  cc  OF  L..ACQUEP. 

FIGURE  1 


ADSORPTION  ISOTHERMS  OF  VIN7X  CHXORIDE=ACETATE  COPOLYMERS 
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TABI.  E  n 

ADSORPTION  ISOTHERMS  FOR  VINYL  CHLORIDE-ACETATE 
COPOLYMERS  IN  ETHYLENE  DICHLORIDE 


AdaorptSoa  laothe^ma 
from  %  Traaemioaicta  vaiuaa 
{CaleuiaSed  from  Tables  "Ql  and  VWi 


laiHol 

Concentration, 
mg  per  20  cc 
of 

Average 

Ads'  ^tion 

3  .MgOi 

Average 

Deviation. 

parta/lOOO 

Equilibrium 
ConcentrationQ 
(initial  amoiint- 

adsorbed  amount), 
mg  per  20  ce  of 
lacquer 

125 

t„5  i  1„4 

190/1000 

SO 

250 

.1^0^  ** 

130/1000 

13? 

VMCH  500 

.0o6  i  US 

76/1000 

304 

750 

24.6  S  US 

61/1000 

304 

1250 

32=,  3  S  2.  1 

64/1000 

921 

250 

?.?  t  2.4 

320/1000 

173 

500 

2. 5  i  4. 4 

47  S 

VYHH  1000 

C.O  t  3.9 

1000 

1500 


So  3^  2.00 


320/1000 


143? 


Zl 


L<00,q  (SQUILIBRIUM  CONCSNTRATlONj 

mg  PER  20  ce  OF  1-ACQUER) 


FIGURE  2 

i 


LOGARITHMIC  PIGT  OF  THE  ADSORPTION  ISOTHERM  FOR  VMCH 
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TABLE  m 

LOGARITHMIC  PLOT  OF  THE  ADSORPTION  ISOTHERM 
OF  VMCH 


luiti&l 

Concentiratioaa 
mg  «er  20  ec 
of 

Jog,o  a 

aoadsorptioQf 
mg  pas  g  A1203 

Jog. »  0 

®10  an 

c^qcaquUibsitim 
coacenlration 
uig  pas  20  ee  of 
iasqae? 

OR 

0  ,  875 

1,700 

2§0 

1,05’ 

2,13& 

500 

1,=92 

2,493 

750 

1,391 

2,702 

1250 

1,509 

2,  967 
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Cosipa^iooa  sf  Sbo  Adces-p^oa  'Xacihe^mo  of  VMCH  aad  VYHH 

The  comparison  of  adsorption  leodierma  la  shown  in  Figore  1. 

Also.  aince>  tha  alpodry  adhaaiaa  la  Imnrm  for  VMCH  and  WrlH.  the 
relation  heiivecn  high  adsorption  and  air-dry  adhesion  is  preoeatede 
lalerpretatioB  o£  Raoul&u 

It  eon  ho  ooea  in  Fi^isre  &  that  a  dcEnite  rela^a  esdoto  he^^eea 
air-dry  adhooioa  aad  adcorptioas  The  dilforeace  is  aignifleant  for 
the  average  doviatioa  ^cta  the  mean  {the  ver^cal  liacs)  ore  far  from 
overlapping.  Hiph  adoo^^don  of  about  2,5  mg/g  of  Al^gj  poroHelo 
CKCellent  air°drv  adhesion  and  adoorptioa  of  about  a  tnafz  sf 
Al^O^  parallel  a  poor  oir^dry  adhooiono 

The  eoQCurrsace  ol  the  adeorptloa  ioo&srm  of  VMCH  to 
Frsundlieb^o  adoosptlon  ofuation  io  sho'iva  is  Figure  Z,  The  logarithm 
of  the  quonnsy  of  VIviCH  auuorbed  is  ploiisd  ogeiuou  the  Iwgor&ihui  of 
tho  equLUbrlura  eoneantratloii.  Since  all  &ve  of  the  pointo  lie  eioos 
to  the  otraight  line  in  Figure  Zs  the  relotioaohip  shown  for  VMCH  in 
Figure  1  is  interpreted  to  obey  Freusdlieh°s  equaMos.  The  ndeorptioa 


enpdneat  io  0.  §i. 
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IV 

SUMMARY  AND  CONCLUSION 

iiccii  ul  IixuiicA' biuu  luveouydiiuu 

A  differential  calorimeter  for  use  in  heat  of  immersion  CKperimenta 
waa  conatruetedo  The  calorimeter  tvao  calibrated  for  temperature  in-* 
creaseo  from  0a0001®c^  to  0«0;i®C<,  An  overall  precision  of  5%  waa 
obtained  for  tho  calibration  ettrveo 

Another  prelicoinar^  oKpC  A  JraAAOA'&.'iOM  kO  MO 

heat  avolvod  upon  bf  coining  th«  ^l&ao  bulb  v/blcb  v«otald  contain  the 
*^^***^^^  ?cs%^»ts  net  ob~ 

tained  liecauac  of  the  erratic  nature  of  the  friction  between  the  broken 
glaoG  and  the  '.vails  of  tho  calorimeter  'epos  ssstis'oed  sirring,  it  is 
felt  that  this  enporimeutal  difficulty  cent  ba  ourmo\u>ted  is  future  es^eri^ 
meutSo  (See  suggested  future  work,) 

^e  magnitude  of  the  beats  of  immersion  obtained  by  Zet^emoyer, 
Youago  Chaasick,  and  Healey  could  ba  measured  v/ith  &e  colorimeter 
conctructed.  The  ee.lier  work  of  Boyd  and  HsSfessao  reSali.e'd  'n  Qvola° 
tion  of  similar  magnitudes  of  heot.  The  possib^ty  of  comparison  of 
air -dry  adhesion  with  heats  of  immersion  of  different  lacquers  invites 

«•  ^  mm  AM  mw  mm  Aj  mmm  At«  Al*  m  mm  ^mmm  mm  A  mm 

A\M  AA«^A  MA  V  AAgabAMAft  '^AtsAt  ^  CAMA  A4««V  A  0 
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AdaorpUon  Inveotiga^oa 

An  examination  of  ?he  adeorption  lootheyma  of  VMCH  and  VYHH^ 
establiahed  that  a  meaau?eable  ?elationohip  esdoto  between  at7<°d:ry 
adhesion  and  the  quantity  of  VMCH  adsorbsd  by  altiminao  Hish 
sofption  of  VMCH  v<;aa  related  to  its  esscellontg  air^dry  adbeoiono 
Convepsely,  poo?  adsorption  of  VYHH  was  related  to  Ito  poor,  airo 
dry  adhooiono 

Tho  adsorption  isotherm  for  VMCH  was  well  fitted  to  FreundlicL'o 
equatioog 

In  concluoionp  the  adsorption  Inx^eotigationo  gave  a  better  i!nder«> 
standing  of  adhesion.  The  writer  propooeo  that  high  adsorption  of  a 
film  former  by  metallic  powder  may  be  a  measure  of  the  consequent 
airodry  adhesion  of  ^le  dried  film,  Aloog  the  tabulation  of  the  ad^^ 
sorption  exponent  1/a  of  Freuadlieh*o  adsorption  equation  is  suggested 
ao  a  method  "c/ith  which  to  compare  adsorption  isotherms. 


32 


V 

SUGGESTED  FUTURE  V/ORK 

Heat  of  Immeroioa  Investigatioa 

1.  The  degree  of  soiubiiity  o£  alumiaa  in  lacquer  ohould  be  invaetigatedo 
Z,  Friction  created  by  broken  glaoo  from  the  bulb  ohoxdd  be  mlaimiGedo 
It  is  auggeated  that  the  otirroro  be  rniond  one  aad  a  half  inches 
above  the  bottom  of  each  cell  in  the  calorimeter  to  oUovr  the  glass 
to  settle  more  eaaily>  A  slower  starring  speedy  which  will  still 
malataia  tmiiorm  dispersion  of  airnninaj  is  also  suggested* 
Adsorption  Investigation 

1*  Informatio*.  about  the  air --dry  adhesion  of  other  vinyl  raoiao 
and  other  lacquers  ohould  bo  obtained  from  the  manufactureBa 
Z,  AdoorpUon  lojiherms  the  vinyl  eMoride°acetate  copolymers 
VYLtF,  VAGH,  VYDR^  VyNS=3  and  the  \  luyl  acetates  AYACp 
AYAA,  AYAT  should  be  iavestigatsd  aad  plotted*  A  eoxs^arioaa 
of  adsorption  isotherms  could  then  be  made, 

3.  Conformity  with  Freundlieh's  equation  as  seen  ac  a  straight 
line  in  a  log  vs,  log  plot  of  adaorption  isotherm^  should  be 
noted.  The  value  of  the  constant  U  and  fee  adsorption  exponent 
i/a  ohould  provide  a  better  comp«uri8ou  cf  adsorption  isotherms , 
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APPENDIX 


SAMPLE  CALCULATION  FOR  THE  ELECTBIC  SMKRGY  OF  HEAT 
The  electric  energy  equivale&t  of  beat  is  given  by  the 
aqiiatton? 

k 

'^here  H  beat  (calorie a) 

I  ;;  current  (ampere 0} 

Rt^  rooiotance  (ohms) 

t  z  time  (minute  0) 

k  r  conotant  (4.184  Joulea/caloriea) 


An  euample  io  shoinra  belov?.  A  current  of  O0O8?  .ampeireo  weo 


hotter  ct 


equivalent  heat  io: 


Hr  (0.0S7)g  (5.329)  (99.9) 
4,184 


H  0,96  o  03  ealorieo 


TABLE  IV 


CALORIMETER  CALIBRATION 
toereaoe  In  Tennp«pattu-e»  ia  imcrovol&Si  Cauaett  by 

irv\A9<D«v 

Oa<5  Calo7le 


Time,  EMF^  Time, 

mimitRO  njicifovolto  miaaten 


EMF 


micro.' 


0 

0 

0 

331 

2 

40 

8 

2S2 

3 

0 

9 

ES2 

6 

6 

10 

247 

7:30 

0 

11 

2S0 

8:30 

0 

12 

230 

go 

aoa 

31 

230 

9:30 

40 

i4-5!0 

6300 

11 

IS 

243 

11:30 

34 

13:30 

238 

12 

24 

17 

237 

12:30 

4 

17:30 

23? 

13 

4 

IS 

229 

19 

234 

19:30 

234 

20 

234 

21 

231 

^  Applied  eas-?sa&  of  0„097  fcmg«.P0O  fos-  99.9  oeeoadQ 
Applied  eussoaf  of  0,087  ampeyeo  for  100.7  oecoada 


TABLE  tv  continued 
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CALOMMETER  CALIBRATION 

Iricreaoe  in  Tempef&tuEe,  in  microvolts.  Caused  ty 
the  Application  oi  Electrical  Energy  Soulvalant  to 

One  Calorie 

Time, 

minutes 

EMF,. 

nsicrovtlta 

0 

233 

1 

204 

Z 

204 

3 

180 

40 

Ocao 

4:30 

224 

5 

206 

5:30 

210 

6 

215 

7:30 

192 

3 

195 

9 

19? 

10 

155 

U 

IS5 

«=  Applied  current  oi  0„S9  amperes  lor  100„i  secoado 
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TABLE  V 

CALORIMETER  CALIBRATION 


Increase  in  Temperatureg  in  microvoltag  Cansed  hy 
the  Application  of  Electrical  Energy  Eoiiivoleut  to 
Five  Calories 


T&meg 

minutes 

EMFg 

microvolts 

Time. 

minutes 

EMF. 

microvolts 

0 

0 

15? 

1 

51 

1 

15? 

Z 

77 

3 

l?2 

3 

100 

4.5 

185 

4 

5? 

S 

102 

50 

=== 

6 

1?6 

i.i 

154 

?oo 

»o.. 

6 

i90 

7.5 

220 

6,S 

238 

8 

239 

? 

226 

0.5 

280 

8. 

249 

9 

355 

8.5 

223 

9 

209 

10 

220 

11 

175 

12 

220 

13 

200 

Applied  enrreat  of  0„198  ajsjpsrea  for  100.3  seconds. 
Applied  current  of  0.198  asnpareo  for  154.  S  seconds 
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TABLE  V  coutinued 

CALORIMETER  CALIBRATION 

Increase  In  Tenrif-erataret  in  microvolts^  Caused  by 
the  AppUcatioo  of  Electrical  Energy  Equivalent  to 
Five  Calories 


Time, 

EMF, 

Time, 

EMF, 

minutes 

microvolts 

minutes 

microvolts 

iO 

340 

17 

508 

11 

330 

18 

532 

12 

317 

19 

500 

13 

334 

20 

548 

14 

333 

== 

150 

22 

540 

15,0 

412 

23 

523 

16 

452 

2400 

512 

16,5 

508 

24,5 

600 

25 

#  e** 

25„5 

695 

26 

699 

2? 

690 

IS 

69S 

29 

*  Applied  current  of  Oo  193  uinpetes  for  lOOoO  scscads„ 
Applied  current  of  0„198  ampsreo  for  lOOoi  secondo 
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SAMP.LS  CAJL^UI^TION  FOR  ADyiRPTSON  ISC THSRM5  FROM  % 
rRANSMlSSIQM  VAJ^UES 

The  amount  of  VMCH  oe  V  YHH  adoo?bs4  by  oae  g  of  aJamiaa  is 
caiculatod  from  tlie  foUovTlng  eqaatioa: 

a  -  (A)  (t/T)  &/10> 

wiiofo  a  =  tbe  quantity  of  film  former  (miliiprams)  adsorlsed  by 
one  g?aaa  of  alumina 

tho  difCereacA  ifi  %  of  th?  isiiti®!  th.s 

Qquilibpinm  eoaeeatrasion  (mg  pes  ZO  ec  of  lacquer) 

A--^c  uiffezcusu  io  %  ^enomioaioQ  bsT^een  zne  ttto  control 
control  oampleo  (m®  par  20  ee  cf  laeqvar) 

T=&e  diffeieace  ia  7o  trasoraio  oIob  of  tbs  two  eoatrol  ossapigo 

As  OJiaiaola  io  ia^en  from  Table  XI.  Part  A  »d«J  tabulated  ia  Table 
The  esiculalieas  arei 

a  -  (113)  (98. 2*.9§j  5/100,  0=94,  i)  (I /lO) 
a  nf,  5  1,4  mg  pas  g  Al^Dj 

Tbe  equilibrium  eoncentratioa  (c^^)  ia  the  di^are&ce  batt^een 
eb@  &aiti.al  eoneentration  (£<)  the  quao^ty  of  film  former 
adoorbad  by  tan  grams  of  Al^O^  (10  tj  ia  mg  per  20  es 

of  lacquer. 


4? 


c 


eq 


cj  =  10a 


=  125  -  10(7, 5) 


■  50  mg  par  20  cc  of  lacquer 
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TABLE  VI 

INITIAL  CONCENTRATION  OF  VMCH  AND  VYHH  LACQUERS 


Lacquer  Inifiai 

Concent?  atiang 
per  cent 
by  weight 


Density  teitial 

g  per  cc  Concentration, 

mg  per  20  ce  of 
lacquer 


VMCH 


VYHH 


0.  bO 

1.251 

125 

1,00 

1.252 

230 

2,00 

1.253 

500 

3,00 

i.  253 

750 

5,00 

1.255 

1250 

i,00 

1,249 

250 

2,  00 

!,  240 

500 

4,00 

1.247 

1000 

6,00 

1.246 

1500 

c^Coavosted  from  initiai  eonsentratton  ia  per  cent 
by  weighs  using  She  following  equation: 
c,r  (%)  (H)  Cv)  (1000) 
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Uo  3UUV0 

Control 


Sarnp^ 


96.0 
95. 0 


1.00% 


1.00% 

Confti'ol- 


Sample  Nambeg^ 
2 


Z% 

CoBt^O] 


,5 

9 

.5 

GoaUol 


2% 

Consol 


84,  a 

83,9 

84.5 

m 

.3 

??o9 

a4,  i 

1 

3%  4% 

Coatfol  Control 


Sample  Nitmber 
2  ~ 


3% 

Coai^ol 


105.6  100.0 


101,0 


102,1 


102.1 


94.1 
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TA3L.S  Viu 

INFRARED  AWAEYSIS  OF  THE  ADSORPTION 
OF  VYHH  BY  AEUMINA 


f<as  oar  t  a  ifc&amiaoiea  Vt^iu^  ioT  Ssiceted  Coa^a^^oSoiao 
Payt  {  Pos  Cea6  by  Weigh*)  of  VYHH 


SSbyleaa 

Samsla  Number 

lo00>h 

A 

Dichlofidc 

Control 

1  1.  3 

Control 

109„5 

10?„5 

100.0  SOO»5  99o4 

95.0 
9?.  4 

lo00?o 

C^fpol _ 

Samule  Number 

Control 

B 

93o0 

9T,4 

09,0  89.0  9ZoO 

89,6 

89.0 

■"XWo 

Control 

47S 

Control 
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I  GOVEHNPISNT  MAY  HAVE  EORP.Tin.ATKn,  FIIRMISHED.  OR  ™  AMY  WAV  SUPPUKD  THE 
1  SAH)  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGALED  BY 
i  OR  OTHERWiaE  AS  IN  AFTY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 

-j  i-EjwwH  wm  ION,  Cca  ^Onv£.iv^u  iU'ix  XUUHTS  OR  PERMISSION  TO  MANUFACTURE. 

I  USE  OH  SELL  ANY  PATENTED  INVENTION  THAT  tlAY  BI  ANY  WAY  BE  RELATED  THERETO 


